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0 Semiconductor device having a trench for device isolation and method of fabricating the same. 
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® A device-isolating trench (28) having a taper at 
its upper portion is formed in a silicon semiconduc- 
tor substrate (22). Then, a silicon oxide film (32) is 
formed on the inner wall of the trench (28) and the 
surface of the semiconductor substrate (22) near the 
trench (28) by an oxidizing method, and polycrystal- 
fine silicon (33) is buried in the trench (28). 
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The present invention relates to a semiconduc- 
tor device in which device Isoiation is made by a 
trench formed in a semiconductor substrate, and a 
method of fabricating the same. 

Conventionally* device isoiation using such a 5 
trench is carried out in the following manner. 

As shown in Rg. 1 A. a trench 1 1 Is formed in a 
semiconductor substrate 12, and a thin oxide film 
13 is formed on the inner wall of the trench 11. A 
nonoxide film 14 is then formed only on a device to 
region 15. 

Then, with the nonoxide film 14 used as a 
mask, the resultant structure is subjected to an 
oxidization treatment to form a thick oxide film 16 
on the surface of the device region 15 except on a is 
part thereof, as shown in Rg. 1 B. 

Thereafter, polycrystailine silicon is burled In 
the trench 11 where the oxide film 16 is fonmed. 
followed by flattening of the top surface of the 
polycrystailine silicon, deposition of a cap oxide 20 
film, and so forth, thereby providing the device 
isolation. 

According to this conventional method, the wall 
of the trench 11 and the surface of the substrate 12 
define almost right angles at an upper corner por- 25 
tion 17 of the trench 11, as shown in Rg. IB. At 
the time the thick oxide film 16 is formed, there- 
fore, thermal stress is concentrated on the corner 
portion 17 at the oxidization time, or so is stress 
originated from expansion of volume or the like. so 
This causes dislocation in the oxide film 16 near 
the corner portion. 

This dlsk>cation impairs the device isolation 
characteristic and the characteristic of a device 
formed in the device region. For instance, if bipolar as 
transistors are respectively formed in multiple de- 
vice regions, the disk)cation results in an increase 
in leak current between the collectors of the In- 
dividual transistors and deterioration of the cunrent 
amplification factor. In other words, since the pros- 40 
ence of distocation to a certain degree Increases 
the recombination current, the device characteristic 
and the device isolation characteristic are deterio- 
rated. 

It is therefore an object of the present invention 45 
to provide a semiconductor device, which can sup- 
press the occuurence of dislocation in an oxide film 
at the upper corner portion of a trench for device 
isolation and can thus improve the characteristic of 
a device formed in a device region as well as the so 
device isolation characteristic, and a method of 
fabricating the same. 

According to one aspect of the present inven- 
tion, there is provided a method of fabricating a 
semiconductor device, which comprises a first step 55 
of forming a device-isolating trench with a taper at 
an upper portion thereof, in a semiconductor sub- 
strate; and a second step of forming an oxide film 



on an inner wail of the trench and a surface of the 
semiconductor substrate near the trench by an 
oxidizing method. 

According to another aspect of the present 
invention, there is provided a semiconductor device 
comprising a semiconductor substrate; a device- 
isolating trerrch formed in the semiconductor sub- 
strate; and an insulating film so formed as to cover 
an inner wall of the trench and a surface of the 
semiconductor substrate near the trench, with a 
radius of curvature of 0.1 um or greater at an 
upper corner portion of the trench. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Rgs. 1A and IB are cross-sectional views of 
Individual steps of a conventional method of 
fabricating a semiconductor device; 
Rgs. 2A to 2H are cross-sectional views of 
individual steps of a conventional method of 
fabricating a semiconductor device according to 
the first embodiment of the present Invention; 
Rg. 3 Is a perspective view illustrating the struc- 
ture of a bipolar transistor fabricated by the 
method according to the first embodiment 
Rgs. 4A to 4E are cross-sectional views of in- 
dividual steps of a conventional method of 
fabricating a semiconductor device according to 
the second embodiment of the present inven- 
tion; and 

Rg. 5 is a diagram illustrating the characteristic 
of the semiconductor devices fabricated by the 
methods according to the first and second em- 
bodiments. 

Prefenred embodiments of the present inven- 
tion will now be described refenring to the accom- 
panying drawings. 

Rrst, a silicon oxide film 21 is fomned on the 
whole surface of a sificon semiconductor substrate 

22 by a thermal oxidizing method, and a silicon 
nitride film 23 is then formed on the oxide film 21, 
as shown in Rg. 2A. Subsequently, a silicon oxide 
film 24 is deposited on the silicon nitride film 23 by 
a CVD (Chemical Vapor Deposition) method, fol- 
lowed by coating of a photoresist on the entire 
surface of the resultant structure. The photoresist is 
then subjected to pattern exposure and developing 
processing, thus fonming photoresist mask 25. 

Next by using an isotropic etching method, 
such as RIE (Reactive Ion Etching), with the mask 
25. the silicon oxide film 24 and silicon nitride film 

23 are selectively removed. Subsequently, by us- 
ing an isotropic etching method, such as a wet 
etching method Involving a mixture of a hydrofluric 
acid and a nitric acid, the underlying substrate 22 
is further removed about 0.5 Jim. forming a trench 
26 in the substrate 22. It is to be noted that, as the 
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isotropic etching method* a plasma etching method 
called "CDE (Chemical Dry Etching)" may replace 
the wet etching method. 

Then, by using the isotropic etching method, 
such as a wet etching method involving a mixture 
of isopropyt alcohol. KOH and water, with the mask 
25. the substrate 22 at the upper portion of the 
trench 26 is etched, forming a taper portion 27 in 
the substrate 22. as shown in Fig. 2B. 

Next, the trench 26 is further etched by an- 
isotropic etching, such as RIE, thereby forming a 
trench 28, 5 to 7 urn deep, as shown in Rg. 2C. 

Fig. 2D illustrates multiple trenches 28 formed 
through the above-described individual steps. 
These trenches 28 isolate individual device regions 
29 from one another. 

Then, after the resist mask 25, silicon oxide 
film 24. silicon nitride film 23 and silicon oxide film 
21 are removed, the resultant structure is subjected 
to thermal oxidization at 950* C in the environment 
of a gas mixture of H2 and O2. forming a silicon 
oxide film 30 having a thickness of about 0.05 um 
on the surface of the semiconductor substrate 22 
and the Inner wall of the trench 28. as shown in 
Rg. 2E. Subsequently, a silicon nitride film 31 is 
deposited 0.05 to 0.15 tim thick on the entire 
surface of the resultant structure at 780* C by a low 
pressure CVD method. The silicon nitride film 31 is 
selectively etched to remain on each device region 
29 by a plasma etching method. The remaining 
siRcon nitride film 31 is to be used as a nonoxide 
film in the subsequent step. 

Next, as shown in Rg. 2F. by a wet oxidizing 
method using the nonoxide film (silicon nitride film 
31) as an oxidization-resistant mask, a silicon oxide 
film 32 is formed about 0.8 um thick on part of 
each device region 29 where the silicon nitide film 
31 is not formed, and the inner wall of each trench 
28. Rg. 2G presents an enlarged illustration of one 
of the trenches after the ai^ove step has been 
completed. 

Then, after the silicon nitride film 31 is re- 
moved, poiycrystalline silicon 33 is buried in each 
trench 28 and its surface is flattened, followed by 
formation of a thin cap oxide film 34 on the trench 
28» as shown in Rg. 2H. 

Thereafter, a bipolar transistor having, for ex* 
ample, an N type emitter region E. a P type base 
region B and an N type collector region C, is 
fomned in each device region 29 by a known meth- 
od, as shown in Rg. 3. Referring to Fig. 3. the 
substrate 22 has a three-layer structure including a 
P type region 41, an N^ type buried region 42 and 
an N type epitaxial region 43, It is to be noted that 
a P^ type region 44 is formed in the bottom of 
each trench 28 by an ion implantation method or 
diffusion method before the poiycrystalline silicon 
33 is buried therein. 



According to the method of the first embodi- 
ment, the taper portion 27 is formed in the sub- 
strate 22 at the upper portion of the trench 28 at 
the time the step illustrated in Rg. 2B is executed. 

5 and the resultant structure is subjected to oxidiza- 
tion in the subsequent step, thereby forming the 
silicon oxide film 32. In forming the silicon oxide 
film 32, therefore, an upper corner portion of the 
trench 28 will be shaped round with some radius of 

70 curvature, not square, as shown in Rg. 2G. 

It is therefore possible to relax the concentra- 
tion of thermal stress on the comer portion at the 
oxidization time, or the concentrafion of stress 
originated from expansion of volume or the like 

75 thereon. This suppresses the occunrence of dis- 
location near the corner portion of the trench, which 
has been a bottleneck in the prior art. thus ensur- 
ing improvement of the device Isolation characteris- 
tic and the characteristic of a device formed in 

20 each device region. 

A method according to the second embed- 
ment of the present invention will be described 
below referring to Figs. 4A to 4E 

Rrst. as in the case illustrated in Rg. 4A. a 

25 silicon oxide film 21 is formed on the whole surface 
of a silicon semiconductor substrate 22 by a ther- 
mal oxidizing method, and a silicon nitride film 23 
is then formed on tiie oxide film 21. Sut>sequentiy, 
a silicon oxide film 24 is deposited on the silicon 

30 nitride film 23 by a CVD method, followed by 
coating of a photoresist on the entire surface of the 
resultant staicture. The photoresist is then sub- 
jected to pattern exposure and developing process- 
ing, thus forming photoresist mask 25. Then, by 

35 using an anisotropic etching mettiod, such as RIE, 
with the mask 25. the silicon oxide film 24, silicon 
nitride film 23 and silicon oxide film 21 are selec- 
tively removed, forming an opening 35. 

Next a trench 28 is formed 5 to 7 iim deep in 

40 ttie substrate 22 by tiie RIE using the mask 25, as 
shown in Rg. 4B. This trench isolates the device 
regions from each otiier as in the case shown in 
Rg. 2D. At the time the etching is perfonned, a 
polymer 36 is adhered as a reaction product to Uie 

45 side wall of the trench 28. 

Then, as shown in Fig. 4C, the polymer 36 
adhered to tiie side wall of the trench 28 is re- 
moved by a wet etching method. At the same time, 
the entire silicon oxide film 24 is removed. That 

so part of the silicon oxide film 21 which is adjacent to 
the trench 28 is also removed. Then, the substrate 
22 at the upper portion of the trench 28 is etched 
using ttie CDE, tt^ereby fom^ing a taper portion 27 
in the substrate 22. At ttie same time, the bottom 

55 of the trench 28 is etched, rounding its bottom 
edge portions. 

Then, as shown in Rg. 4D, after the silicon 
nitride film 23 and silicon oxide film 21 are re- 
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moved, the resultant structure is subjected to ther- 
mal oxidization at 950 *C in the environment of a 
gas mixture of H2 and O2. forming a silicon oxide 
film 30 having a thickness of about 0.05 um on the 
surface of the semiconductor substrate 22 and the 
inner wall of the trench 28. as per the first embodi- 
ment. Subsequently, a silicon nitride film 31 Is 
deposited 0.05 to 0.15 urn thick on the entire 
surface of the resultant structure at 780* C by a low 
pressure CVD method. The silicon nitride film 31 is 
selectively etched to remain on a device region 29 
by a plasma etching method. Then» by a wet 
oxidizing method using the sificon nitride film 31 as 
an oxidization*resistant mask, a silicon oxide film 
32 Is formed 0.8 urn thick on part of the device 
region 29 where the silicon nitride film 31 is not 
formed, and the inner wall of each trench 28. At 
this time, as illustrated, the upper comer portion of 
the trench 28 will be shaped round with some 
radius of cun^ature. R. not square. The oxidization 
is executed so that the radius of curvature, R, 
becomes about 0.1 urn. 

Then, after the silicon nitnde film 31 is re- 
moved, polycrystalline silicon 33 is buried tn the 
trench 28 and its surface is flattened, followed by 
formation of a thin cap oxide film 34 on the trench 
28, as shown in Rg. 4E. 

Thereafter, a bipolar transistor having an emit- 
ter region E, a base region B and a collector region 
C, is formed in each device region 28 by a known 
method, as shown In Rg. 3, as per the first em- 
bodiment. 

According to the method of the second em- 
bodiment too, the taper portion 27 is formed in the 
substrate 22 at the upper portion of the trench 28 
at the time the step illustrated in Rg. 4C is ex- 
ecuted, and the resultant structure is subjected to 
oxidization in the subsequent step, thereby forming 
the silicon oxide film 32. In forming the silicon 
oxide film 32. therefore, the upper corner portion of 
the trench 28 will be shaped round with a radius of 
cun/ature of about 0.1 urn. not square, as shown in 
Rg. 4D. 

In the second embodiment, therefore. It is pos- 
sible to relax the concentration of thermal stress on 
the comer portion at the oxidization time, or the 
concentration of stress originated from expansion 
of volume or the like thereon. This suppresses the 
occurrence of dislocation near the comer portion of 
the trench, which has been a bottleneck in the prior 
art thus ensuring improvement of the device isola- 
tion characteristic and the characteristic of a device 
formed in each device region. 

Rg. 5 is a characteristic diagram illustrating the 
relationship between the radius of curvature, R, at 
the upper corner portion of the trench 28 and the 
dislocation density when bipolar transistors are 
formed in the device regions of the semiconductor 



substrate isolated by the methods of the first and 
second embodiments. As illustrated, with the radius 
of curvature. R, set 0.1 ttm or larger, the disloca- 
tion can be suppressed as compared with the prior 

5 art in which R is almost 0. As a result, the device 
Isolation characteristic and the characteristic of de- 
vices formed in the device regions can be im- 
proved. The radius of curvature. R. at the upper 
comer portion of the trench 28 Is not limited to 

70 about 0.1 urn. but can be set larger. It is to be 
noted that the larger the radius of curvature, R. the 
greater the effect of suppressing the dislocation. 

Claims 

15 

1. A method of fabricating a semiconductor de- 
vice comprising: 

a first step of forming a device-isolating 
trench with a taper at an upper portion thereof, 
20 in a semiconductor substrate: and 

a second step of forming an oxide film on 
an inner wall of said trench and a surface of 
said semiconductor substrate near said trench 
by an oxidizing method. 

25 

2. A method according to claim 1. characterized 
by further comprising a third step of burying 
polycrystalline silicon in said trench. 

30 3. A method according to claim 1, characterized 
in that said first step includes: 

a fourth step of etching said semiconduc- 
tor substrate to form a shallow trench; 

a fifth step of etching said semiconductor 
35 substrate at an upper comer portion of said 
shallow trench in a taper shape; and 

a sixth step of further etching said semi- 
conductor substrate to make a deep trench out 
of said shallow trench. 

40 

4. A method according to claim 3. characterized 
in that with the depth of said shallow trench 
formed in said fourth step being 1, said deep 
trench is fonmed 10 times as deep as said 

45 shallow trench or deeper In said sixth step. 

5. A method according to claim 3. characterized 
In that said shallow trench is formed 0.5 am 
deep or shallower in said fourth step. 

50 

& A method according to claim 3. characterized 
in that said deep trench is formed 5 um deep 
or deeper in said sixth step. \ 

55 7. A method according to claim 3. characterized 
in that said fourth step is perfonmed by an 
isotropic etching. 
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8. A method according to claim 3, characterized 
in that said fifth step is performed by wet 
etching. 

9. A method according to claim 3. characterized 6 
In tfiat said sixth step is performed by an- 
isotropic etching. 

10. A method according to claim 1, characterized 
in that said first step includes: 

a seventh step of etching said semicon- 
ductor substrate to form a deep trench; and 

an eighth step of etching said semiconduc- 
tor substrate at an upper comer portion of said 
deep trench in a taper shape. 

11. A method according to claim 10. characterized 
in that said seventh step is performed by an- 
isotropic etching. 

20 

1Z A method according to claim 10, characterized 
In that said eighth step Is performed by iso- 
tropic etching. 

ia A semiconductor device comprising: 

a semiconductor substrate: 

a device-isolating trench formed in said 
semiconductor substrate; and 

an insulating film so formed as to cover an 
inner wall of said trench and a surface of said 
semiconductor substrate near said trench, with 
a radius of curvature of 0.1 Lim or greater at an 
upper comer portion of said trench. 

14. A semiconductor device according to claim 13» 3$ 
characterized in that said insulating film has a 
thickness of about 0.8 urn, 

15. A semiconductor device according to claim 13, 
characterized in that a bipolar transistor is 40 
formed in a device region isolated by said 
device-isolating trench. 

45 
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@ A device-isolating trench (28) having a taper at 
its upper portion is formed In a silicon semiconduc- 
tor substrate (22). Then, a silicon oxide film (32) is 
formed on the inner wall of the trench (28) and the 
surface of the semiconductor substrate (22) near the 
trench (28) by an oxidizing method, and polycrystal- 
line silicon (33) is buried in the trench (28). 
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Claims 3-12: 



Method for forming a trench isolation region 
provided with an oxide layer and filling 
said trench with polysilicon. Semiconductor 
device with trench isolation with a radius 
of a defined curvature. 

Method of forming different type of trenches. 
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